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This study was performed to characterize respiratory viral infections in pediatric patients 
undergoing hematopoietic stem cell transplantation (HSCT)- Study samples included 402 
respiratory specimens obtained from 358 clinical episodes that occurred in the 116 children 
of the 175 consecutive HSCT cohort at Seoul National University Children's Hospital, Korea 
from 2007 to 2010. Multiplex reverse-transcription polymerase chain reactions were 
performed for rhinovirus, respiratory syncytial virus (RSV), parainfluenza viruses (PIVs), 
adenovirus, human coronavirus (hCoV), influenza viruses and human metapneumovirus. 
Viruses were identified in 89 clinical episodes that occurred in 58 patients. Among the 
89 clinical episodes, frequently detected viruses were rhinovirus in 25 (28.1%), RSV in 
23 (25.8%), PIV-3 in 16 (18.0%), adenovirus in 12 (13.5%), and hCoV in 10 (11 .2%). 
Lower respiratory tract infections were diagnosed in 34 (38.2%). Neutropenia was present 
in 24 (27.0%) episodes and lymphopenia was in 31 (34.8%) episodes. Sixty-three percent 
of the clinical episodes were hospital-acquired. Three patients died of respiratory failure 
caused by respiratory viral infections. Respiratory viral infections in pediatric patients who 
have undergone HSCT are common and are frequently acquired during hospitalization. 
Continuous monitoring is required to determine the role of respiratory viruses in 
immunocompromised children and the importance of preventive strategies. 

Keywords: Hematopoietic Stem Cell Transplantation; Respiratory Virus; Respiratory 
Infections 



INTRODUCTION 

Respiratory infections are important complications in pediatric 
patients undergoing hematopoietic stem cell transplantation 
(HSCT) (1, 2). Broad-spectrum antibiotics are administered in 
children after HSCT to prevent bacterial pneumonia, and anti- 
fungal agents and strict screening systems are used for prophy- 
laxis of fatal fungal infections. These efforts have been effective 
for improving the survival of HSCT patients. 

However, respiratory viral infections are common causes of 
upper respiratory infection (URI), and the clinical significance 
of these infections has historically been underestimated in the 
HSCT population. Respiratory viral infections cause progres- 
sion from URI to lower respiratory tract infection (LRTI) (3, 4) 
and are frequendy associated with bacterial or fungal co-infec- 
tions (5, 6). During the past 20 yr, infections due to respiratory 
viruses have been increasingly recognized as potential causes 
of severe pneumonia after HSCT, with high morbidity and mor- 
tality (7-9). 

Many advances have been made in the diagnosis of respira- 
tory viral infections and in the management of these infections. 



Available methods for virus detection include antigen detection 
by enzyme-linked immunosorbent assay (ELISA), immunoflu- 
orescence (IF) assay, enzymatic detection by chemical reactions 
and polymerase chain reaction (PCR) amplification (10). PCR 
assay is now commonly used due to its high specificity and sen- 
sitivity (11, 12). While detection of respiratory viral infection has 
improved due to many available diagnostic tests, therapeutic 
modalities using specific antiviral agents remain limited (13, 14). 

This study was performed to evaluate the prevalence of respi- 
ratory viral infections in pediatric HSCT recipients and to char- 
acterize the clinical manifestations of respiratory viral infections 
in children after HSCT. 

MATERIALS AND METHODS 
Study sample 

This study recruited a cohort of 175 children who underwent 
HSCT at Seoul National University Children's Hospital from 
January 2007 to March 2010 and were followed for at least 1 yr 
after HSCT. Clinical and virological data were extracted from a 
prospectively compiled, integrated database. 
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Respiratory specimens 

Respiratory specimens were obtained during routine patient 
care. Respiratory samples were collected from patients who vis- 
ited the emergency room or were hospitalized when eligible sub- 
jects had febrile episodes or respiratory symptoms or radiologic 
abnormalities. In total, 402 respiratory specimens were collect- 
ed from 358 clinical episodes that occurred in the 116 children 
of the 175 consecutive HSCT cohort via nasopharyngeal aspira- 
tion, transtracheal aspiration, sputum, and bronchoalveolar la- 
vage. 

Viral diagnosis 

All specimens were tested by multiplex reverse transcription 
PGR (RT-PCR) for 12 respiratory viruses; rhinovirus, adenovi- 
rus, respiratory syncytial virus (RSV) types A and B, parainflu- 
enza virus (PFV) types 1, 2, and 3, influenza virus types A and B, 
human coronavirus (hCoV) 229E/NL63, OC43 and human meta- 
pneumovirus (hMPV). The 2009 HlNl influenza virus A was 
excluded in this study. Viral RNA was extracted from each spec- 
imen using MagNA pure LC (Roche Diagnostics, Seoul, Korea) 
according to manufacturer's instructions and PGR amplifica- 
tion was performed using Seeplex™ RV12 ACE detection kit 
(Seegene, Seoul, Korea). 

Review of clinical characteristics 

All hospital records of the subjects were reviewed using the stan- 
dard form of clinical data to identily respiratory viral infections. 
To evaluate the clinical factors of URI and development to LRTI, 
respiratory symptoms (onset of symptoms, duration of fever, 
chest radiographic findings and abnormal breath sound) and 
status of patients (age, sex, underlying disease, transplantation 
method, interval from HSCT, days after hospitalization, and lab- 
oratory findings) were retrospectively analyzed in detail. 

Definitions 

Fever was defined as measured axillary temperature higher than 
38.0''C. Community- acquired infection was defined by onset of 
symptoms within 48 hr of admission, and hospital-acquired in- 
fection was defined by onset of symptoms greater than 48 hr after 
admission. Clinical diagnosis was classified as URI and LRTI. 
Neutropenia was defined as absolute neutrophil count below 
500 ceUs/|a,L, and lymphopenia was defined as absolute lym- 
phocyte count below 200 ceUs/|aL. 

Each clinical episode was defined as an independent clinical 
episode when symptoms were newly developed or different re- 
spiratory viruses were detected in two consecutive samples that 
were obtained at least 48 hr apart. When the same virus was de- 
tected during the period in which initial symptoms and signs 
were unresolved, the specific virus was regarded as the detec- 
tion during a single clinical episode. Co-detection was defined 
as a detection of > 2 respiratory viruses. 



Statistical analysis 

Differences between categorical variables were tested by the 
chi-squared test or Fisher's exact test. All data were analyzed 
using SPSS version 17.0 and results were considered to be sta- 
tistically significant when the P value was less than 0.05. 

Ethics statement 

This study was approved by the institutional review board of 
Seoul National University Hospital (No. H- 1106-078-366), and 
the need for informed consent was waived. 

RESULTS 

Patient characteristics 

The clinical characteristics of 175 patients who underwent HSCT 
consecutively during the study period are summarized in Table 1 . 
One hundred-two patients (58.3%) were male and 73 patients 
(41.7%) were female. The median age was 9.8 yr (range 1.0-25.9 
yr). The donor type was autologous in 79 (45.1%) patients and 
allogeneic in 96 (54.9%) patients. Differences in transplant type 
were not significant between vims-positive and virus-negative 
groups (34.1% vs 32.3%, P = 0.792). Differences in underlying 
disease and sex were not significant in virus detection. 

Respiratory viruses were identified in 112 (27.9%) respiratory 
samples (83 nasopharyngeal aspirates, 14 sputum specimens, 
14 transtracheal aspirates, and 1 bronchoalveolar lavage respec- 
tively) from the 402 samples that were obtained from 116 pa- 
tients. Respiratory viral infections were documented in 89 sepa- 
rate clinical episodes except for 23 samples that were persistent- 
ly positive for the same virus in the same clinical episode. 

Prevalence of respiratory viral infection 

Respiratory viruses were identified from 89 episodes (28.2%) 
that occurred in 58 children (49.6%). Rhinovirus was detected 
most frequently, in 25 episodes (28.1%), RSV in 23 (25.8%), PIV- 



Table 1. Demographic characteristics of the HSCT patients with respiratory virai in- 
fections 



Characteristics 


No. of HSCT recipients 


Virus-positive, No. (%) 


Totai cases 


175 


58 (33.1) 


Ajtograft 


79 


27 (34.1) 


Aiiograft 


96 


31 (32.3) 


HSCT source 






PBSCT 


124 


46(37.1) 


DCBT 


21 


6 (28.6) 


BMT 


30 


6 (20.0) 


Underiying disease 






Hematoiogic disease 


103 


37 (35.6) 


Non-hematoiogic disease 


72 


21 (29.2) 


Male:Femaie 


102:73 


36:22 


iVlean age (yr) 


10.21 


9.87 



HSCT hematopoietic stem celi transpiantation; PBSCT peripherai biood stem ceii 
transpiantation; DCBT doubie cord biood transpiantation; BMT bone marrow trans- 
plantation. 
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Table 2. Prevalence and clinical diagnosis of respiratory virus 







Number (%) 




Respiratory virus 


Virus-positive 


Clinical diagnosis 




URI 


LRTI 


Riiinovirus 


25 (28.1) 


19(76.0) 


6 (24.0) 


Parainfluenza virus 3 


16 (18,0) 


10(62,5) 


6 (37.5) 


Respiratory syncytial virus A 


13 (14.6) 


6 (46,2) 


7 (53.8) 


Adenovirus 


12 (13,5) 


4 (33,3) 


8 (66.7)* 


nUIMdll LUlUlldVllUb 


1 U ^ 1 \ 


9 (90.0) 


1 (10.0) 


Respiratory syncytial virus B 


10(11.2) 


5 (50,0) 


5 (50.0) 


Parainfluenza virus 2 


4 (4,5) 


2 (50.0) 


2 (50.0) 


Influenza virus B 


3(3,4) 


3(100,0) 


0(0) 


Parainfluenza virus 1 


2 (2,2) 


0(0) 


2(100.0) 


Influenza virus A 


1(1,1) 


1 (100,0) 


0(0) 


Human metapneumovirus 


1 (1.1) 


1 (100,0) 


0(0) 


Total* 




60 


37 



*P< 0,05; *More than 2 viruses were co-detected In 8 patients, URI, upper respira- 
tory infection; LRTI, low/er respiratory tract infection. 



Rhinovirus 
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Fig, 1 , Monthly distribution of respiratory viral infection. 

3 in 16 (18.0%), adenovirus in 12 (13.5%), hCoVin 10 (11.2%), 
PIV-2 in 4 (4.5%), influenza vims B in 3 (3.4%), PIV- 1 in 2 (2.2%), 
influenza vims A in 1 (1.1%) and hMPV in 1 (1.1%) (Table 2). 
Among 89 clinical episodes, co-detection occurred in 8 episodes 
(9.0%). Rhinovims was the most common in co-detection, in 6 
of 8 episodes. 



Table 3. Comparison of URI and LRTI in respiratory viral Infection 



Parameters 


Episodes (%) 


URI 


LRTI 


Total episodes 


00 (b1 ,o) 


34 (00.2) 


Transplantation type 






Autograft 


24 (61 ,5) 


15 (38,5) 


Allograft 


31 (62, U) 


1 y (oo,U) 


Male;Female 


37:18 


22;12 


Infection source 






Hospital-acquired 


31 (56,4) 


25 (43,6) 


Community-acquired 


24 (72,7) 


9 (27.3) 


taboratory finding 






Lymphopenia 


20 


11 


Neutropenia 


19 


9 


Interval from HSCT 






< 30 days 


12 


6 


30-99 days 


8 


7 


> 100 days 


35 


21 



HSCT hematopoietic stem cell transplantation; URI, upper respiratory infection; LRTI, 
lower respiratory tract infection. 



Monthly distribution of respiratory viruses 

The monthly distributions of detected respiratory viruses are 
shown in Fig. 1. Rhinovirus was detected year around and RSV 
was prevalent between December and March (82.5% of total 
isolates). PrV-3 was prevalent between lune and September 
(87.5% of total isolates). 

Clinical presentation 

In 89 clinical episodes in which vimses were documented, cough 
was the most common symptom (79.8%) at the time of labora- 
tory diagnosis of respiratory viral infections. Fever was foimd in 
60 episodes (67.4%) and the median duration of fever was 2 days 
(range: 0-43 days). Sputijm (52.8%) and rhinorrhea (38.2%) were 
less common. 

HSCT patients were foUowed-up for at least one year and 
median foUow-up period was 1.91 yr (range from 1 yr to 4.17 yr). 
OveraU, 18 episodes (20.2%) occurred within 30 days from the 
HSCT, 56 (62.9%) occurred after 100 days foUowing HSCT and 
15 (16.9%) occurred in the interim. With regard to nosocomial 
acquisition of respiratory infections, 37% (33 of 89 episodes) 
were community-acqufred and 63% (56 of 89 episodes) were 
hospital-acquired. 

Laboratory findings 

At the time of laboratory diagnosis of respiratory viral infection, 
25.8% of patients had neutropenia and 34.5% had lymphopenia. 
The median absolute neutrophO count (ANC) was 1,920 cells/ 
|xL (range: 0-11,585 ceUs/|a,L) and the median absolute lympho- 
cyte count (ALC) was 529 ceUs/nL (range: 0-5,303 cells/nL). 

Comparison of URI and LRTI in respiratory viral infection 

The proportions of each vims in the clinical diagnosis are sum- 
marized in Table 2. Rhinovims (76%, P = 0.091) and hCoV (90.0%, 
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Table 4. Clinical outcomes of patients with respiratory viral Infection 



Outcomes 


Number (%) 


No pulmonary complication or Intervention (episodes) 


66 (74.2) 


Any pulmonary complication or intervention (episodes) 


23 (25.8)* 


Pleural effusion 


15(16.9) 


Pneumothorax 


2 (2.2) 


Oxygen requirement 


21 (23.6) 


Chest tube Insertion 


3 (3.4) 


Mechanical ventilator 


11 (12.4) 


Intensive care unit care 


11 (12.4) 


Deceased (patients) 


30 (17.1) 


Related to respiratory viral infection 


3(1.7) 



*Some of the clinical episodes had more than one complication. 



P - 0.053) seemed to present more commonly as URI than LRTI, 
but the results showed no clinical significance. Adenovirus was 
more commonly associated with LRTI (66.7%) than URI (33.3%) 
(P = 0.030). 

Clinical diagnoses were URI in 55 (61.8%) episodes and LRTI 
in 34 (38.2%) episodes. The comparisons of clinical characteris- 
tics between URI and LRTI are shown in Table 3. Transplanta- 
tion type, sexual factor, and laboratory findings were not signifi- 
cantly different between URI and LRTI. 

Clinical course and outcome 

As shown in Table 4, 66 episodes (74.2%) recovered without pul- 
monary complications or intervention and 23 episodes (25.8%) 
developed complications. Prophylactic or therapeutic antibiot- 
ics were used in 78 episodes (87.6%). Oxygen was required in 
21 episodes (23.6%). Pleural effusion was detected on chest ra- 
diograph in 15 episodes (16.9%). Mechanical ventilation in the 
intensive care unit was used in 11 episodes, and the mean du- 
ration of ventilator use was 18.4 days. 

Among 89 clinical episodes which were developed in 58 HSCT 
patients, 3 patients died of respiratory failure directiy related to 
respiratory viral infection. One patient who underwent bone 
marrow transplantation (BMT) for relapsed acute lymphocytic 
leukemia died of acute respiratory distress after an adenoviral 
infection. Another patient who underwent peripheral blood stem 
cell transplantation (PBSCT) for acute myeloplastic leukemia 
died of respiratory failure, again after an adenoviral infection. 
Immunosuppressive agents were discontinued as respiratory 
symptoms aggravated. Both patients were to receive treatment 
with Cidofovir 5 mg/kg weekly, but after 1 administered dose, 
they deceased. A third patient, who underwent PBSCT, was hos- 
pitalized for relapsed acute myelodysplastic leukemia. This pa- 
tient had been suffering from chronic graft-versus-host disease 
(GVHD) and was being treated with prednisolone. A PTV-3 infec- 
tion occurred during immunosuppressant treatment for GVHD. 
After PIV-3 was confirmed, her respiratory distress aggravated, 
eventually leading to death. 



DISCUSSION 

This study illustrated that respiratory vfral infections are com- 
mon among children who have undergone HSCT. In our study, 
respiratory viruses were identified in 27.9% of respiratory sam- 
ples. Rhinovirus was the most common virus (28.1%), PIV-3 was 
second (18.0%), and RSV-A was third (14.6%). Lower respiratory 
tract infections were diagnosed in 38.2% and hospital-acquired 
infection episodes were in 63.0%. Many recent studies have re- 
ported that community respiratory viruses, particularly RSV and 
PrV, are significant causes of morbidity and mortality among 
HSCT recipients (15, 16). However, the study for respiratory viral 
infection of previously healthy children in similar area revealed 
different results that RSV (23.7%) was the most common detect- 
ed virus, and as followed adenovirus (6.8%), PIV-3 (6.2%), rhi- 
novirus (5.8%), andhMPV(4.7%) (17). Relatively low prevalence 
of rhinovirus and human coronavirus (2.9%) implied that the 
differences exist between healthy population and children who 
have undergone HSCT. 

A review of cases of nonbacterial pneumonia among HSCT 
recipients from 1969 to 1979 did not report any community-ac- 
quired respiratory viral infections (18). However, the prevalence 
of respiratory viral infections after HSCT has been increasingly 
reported ranging from 16.5% to 38% (7, 19, 20). In our study, re- 
spiratory viruses were detected in 58 (33.1%) HSCT patients. 

The prevalence of respiratory viral infections among HSCT 
patients depends on the diagnostic method used. We used real 
time RT-PCR method because of recent common usage and ex- 
cellent sensitivity in comparison with conventional methods 
such as viral culture and immunofluorescent stain of viral anti- 
gen. The reported frequency of RSV infections has varied from 
35% to 49%; influenza virus infections from 11% to 45%; PIV in- 
fections from 8% to 30%; and rhinovirus infections from 4% to 
9% (15, 21). This study demonstrated that rhinovirus was the most 
frequentiy detected infection. However, the diagnostic technol- 
ogies used in each study were different. Therefore, the results of 
our study cannot be dfrectiy compared with those of other stud- 
ies. A prospective study using RT-PCR shows that rhinovirus 
was the most common isolate (37.0%) in HSCT patients (22). 

Similar to community epidemiology, PIV-3 is common from 
lune to September and RSV is common from December to March. 
These results were not significantiy different from most studies 
(20, 23). 

One of the important findings from this study is that the great 
proportion (63.0%) of respfratory viral infections was acquired 
while HSCT patients were hospitalized. High nosocomial infec- 
tion rates remind us of the importance of contact or droplet pre- 
cautions and visitor limitation. In most cases, specific antiviral 
agents are difficult to use clinically, so prevention is the most 
useful method to reduce respfratory viral infection. 

Clinically, URI is the most common predominant presenta- 
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tion of respiratory viral infection and usually resolves without 
therapy. In our study, 61.8% of respiratory viral infections were 
limited to URI and 38.2% of those progressed to LRTI. In a Eu- 
ropean study, 55% of total respiratory viral infection was report- 
ed as LRTI (15). A prospective study in adults with HSCT or he- 
matologic malignancy reported that during the foUow-up period, 
18% of patients had pneumonia or had progression to pneumo- 
nia (23). Lymphopenia (< 200 ceIls/|.iL) was known to be a risk 
factor for progression to LRTI (21). But in our study, lymphope- 
nia was not significant to the progression to LRTI. 

In this study, we found three fatal cases among 89 clinical ep- 
isodes which were developed in 58 HSCT patients. In these fatal 
cases, basal lung condition of patients was poor when respira- 
tory distress occurred. However, respiratory viral infection trig- 
gered respiratory dysfunction, and their death was probably re- 
lated to respiratory viral infection. Many other studies reported 
various mortality and fatality. RSV related mortality in children 
treated for acute myeloid leukemia was 10% (24), and one re- 
port demonsttated PIV-associated fatality of 27% among HSCT 
recipients (25). Other studies reported mortality rates from re- 
spiratory viral infections among HSCT recipients of 0.5% and 
0.6% (15, 20). 

There are few antiviral therapeutic options against respiratory 
viruses except influenza virus in HSCT patients. Neuramidase 
inhibitors, oseltamivir and zanamivir, are known to resolve in- 
fluenza symptoms in immunocompromised patients (26). M2 
inhibitors, amantadine and rimantadine, have been used in 
some centers, but are limited to influenza A and have many side 
effects including antiviral resistance (27). The primary therapy 
for RSV that has been the best studied is aerosolized ribavirin. 
However, similar to other viral agents, its use has the problem 
of cost-effectiveness. Researchers reported that aerosolized rib- 
avirin resulted in a decrease in viral load but no difference in 
the progression to pneumonia (28). Aerosolized and oral riba- 
virin are used for therapy of PIV infection in transplant recipi- 
ents with conflicting results (29, 30). Various treatments for ad- 
enovirus have been tried including high-dose inttavenous im- 
munoglobulin, ribavirin and cidofovir. However, the clinical ef- 
ficacy of these agents remains unclear. These therapeutic limi- 
tations emphasize importance of the prevention strategy and 
sttict infection conttol program in the hospital. 

This study included a relatively large number of patients en- 
rolled at one center. However, our retrospective study depen- 
dent on medical records has some limitations for clinical evalu- 
ation. In particular, risk factors or prognosis for respiratory viral 
infection such as conditioning regimen, presence of graft-ver- 
sus-host disease, taking history of immunosuppressant agents, 
and separation principle of hospitalized patients cannot be in- 
vestigated. Despite these limitations, this study is meaningful 
considering aspects that show the common prevalence of re- 
spiratory viral infection in HSCT children. This effort aids inves- 



tigation of the clinical features and epidemiologic character of 
virus infections in this patient population. 

This study has demonstrated that respiratory viral infection is 
relatively high in HSCT patients and more than half of the respi- 
ratory infections were acquired during hospitalization. These 
findings emphasize importance of the preventive strategies 
against respiratory viral infection in HSCT patients at high risk. 
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